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Abstract 
Methods to quantify ventricle material properties noninvasively using in vivo data are of great importance in clinical applications. 
Echo image data were acquired from ten people, five patients with myocardial infarction (Group 1) and five healthy volunteers as 
control (Group 2).  3D finite element models were constructed to obtain ventricle stress and strain conditions.  Material stiffening 
and softening were used to model ventricle active contraction and relaxation. Our results indicated that Group 2 had much greater 
systole-diastole material stiffness variations.  This initial study indicated that our modeling approach has the potential to 
determine in vivo ventricle material properties, which in turn could lead to methods to infer presence of infarct from LV 
contractibility and material stiffness variations. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of The Chinese Society of Theoretical and Applied Mechanics (CSTAM). 
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1. Introduction 
Medical images and computational modeling have been used more and more in cardiovascular research [1,2]. 
Accurate evaluation of global and regional left ventricular (LV) function is of vital importance for diagnosis, 
prognosis, and therapeutic options of multiple cardiovascular diseases. Methods to quantify ventricle material 
properties noninvasively using in vivo data are of great important in clinical applications. Echocardiography is the 
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main imaging modality for the assessment of left ventricular (LV) structure and function. An ultrasound echo-based 
computational modeling approach was proposed to quantify left ventricle (LV) material properties, curvature and 
stress/strain conditions and find differences between normal LV and LV with infarct. 
 
2. Method 
Echo image data were acquired from ten people, five patients with myocardial infarction (Group 1) and five 
healthy volunteers as control (Group 2). Standard echocardiograms were obtained using an ultrasound machine (E9, 
GE Mechanical Systems, Milwaukee, Wisconsin) with a 3V probe and data were segmented for model construction. 
Fig.1 and Fig. 2 show the echo images and re-constructed 3D LV geometries from the two group patients.  The 
location of infarction was defined as a decrease in or cessation of myocardial contractility, which was determined by 
two experienced observers through visualization of all LV wall segments, combining with the electrocardiogram and 
results of coronary angiography.  
 
Fig. 1. Echo images from a patient (P1) with infarct, and re-constructed geometry.  Infarct locations were marked by yellow circles on the images. 
 
Fig. 2. Echo image of a healthy volunteer (P10), contours and re-constructed geometries.  
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The ventricle material was assumed to be hyperelastic, anisotropic, nearly-incompressible and homogeneous.  
Infarct tissue was assumed to be hyperelastic, isotropic, nearly-incompressible and homogeneous.  The standard 
governing equations and boundary conditions for the LV model were the same as those given in [3-4] and are given 
here for easy reading:  
ρ vi,tt = σij,j  ,  i,j=1,2,3; sum over j,              (1) 
Hij = (vi,j + vj,i + vD,i vD,j)/2,  i,j,D=1,2,3,                  (2)  
where σ is the stress tensor, H is the strain tensor, v is displacement, and U is material density.  Structure-only LV 
model was used to save model construction effort and computing time. As patient-specific fiber orientation data was 
not available from these patients, we chose to construct a two-layer LV model and set fiber orientation angles using 
fiber angles given in [5].   
Finite element models were constructed to obtain ventricle stress and strain conditions. In our model construction 
process, a pre-shrink process was applied to in vivo end-systolic ventricular geometries to generate the starting 
shape (zero ventricle pressure) for the computational simulation. We start with initial guesses of shrinkage rates and 
material parameter values, construct the model, and apply the LV minimum pressure to see if the pressurized LV 
volume matches in vivo LV volume data.  If not, we adjust the material parameter values, pressurize it and check 
again.  The process is repeated until LV volume matches in vivo volume with error < 0.01 cm3. Material stiffening 
and softening were used to model ventricle active contraction and relaxation. Systolic and diastolic material 
parameter values were obtained by adjusting the models to match echo volume data. Young’s modulus (YM) value 
was obtained for each material stress-strain curve for easy comparison.  
The anisotropic LV computational models were constructed for the two groups and the models were solved by 
ADINA (ADINA R&D, Watertown, MA, USA) using unstructured finite elements and the Newton-Raphson 
iteration method.  
C-curvature (κc) at each point on a LV inner surface slice contour was calculated using:  
             (3)
 
where each contour is a planar curve, (x,y)  are coordinates of points on the contour, and the derivatives were 
evaluated using neighboring points on the contour.  L-curvature (κ) at each point on a LV inner contour was 
calculated using:  
                   
(4)
 
where the longitudinal curve is given by X=(x(t), y(t), z(t)), the derivatives were evaluated using points from 
neighboring slices vertically below and above the point being considered.   
 LV wall thickness, circumferential and longitudinal curvatures (C- and L-curvature), material parameter values, 
and stress/strain values were recorded for analysis. 
 
3. Results 
Using the mean value of Group 2 as the base value, at end-diastole, Group 1 mean YM value for the fiber 
direction stress-strain curve was 54% stiffer than that of Group 2 (136.24kPa vs. 88.68kPa).  At end-systole, the 
mean YM values from the two groups were similar (175.84kPa vs. 200.2kPa). More interestingly, Group 2 end-
systole mean YM was 126% higher that its end-diastole value, while Group 1 end-systole mean YM was only 29% 
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higher that its end-diastole value. This indicated that Group 2 had much greater systole-diastole material stiffness 
variations. Fig. 3 gives the stress-stretch plots for two patients, one from each group for illustration. Fig. 4 shows 
stress and strain plots from two patients, one from each group, to illustrate stress/strain distribution patterns. 
 
 
Fig. 3.   Material stress-stretch curves (in fiber coordinate) for P1(Group1) and P10(Group 2).  Tff: stress in fiber direction; Tcc: stress in 
circumferential direction of the fiber.  
 
Fig. 4.   Stress-P1 (maximum principal stress) and Strain-P1 (maximum principal strain) plots from P1 (with infarct) and P10 (healthy) showing 
stress/strain distribution patterns corresponding to maximum and minimum pressure conditions. 
 
4. Discussion 
Quantifying ventricle material properties under in vivo conditions noninvasively is a challenging task.  To our 
knowledge, this is the first publication of using 3D echo-based modeling to determine LV material properties.  One 
clinical application is to use this method to detect infarction.    
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5. Conclusion 
Our results indicated that our modeling approach has the potential to determine in vivo ventricle material 
properties, which in turn could lead to methods to infer presence of infarct from LV contractibility and material 
stiffness variations. Large-scale studies are needed to further validate our findings. Quantitative differences in LV 
volume, curvatures, stress, strain and wall thickness between Group 1 and Group 2 were also noticed.  
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